To determine structural brain correlates of naming abilities in older adults, we tested 24 individuals aged 56-79 on two confrontation-naming tests (the Boston Naming Test (BNT) and the Action Naming Test (ANT)), then collected from these individuals structural Magnetic-Resonance Imaging (MRI) and Diffusion Tensor Imaging (DTI) data. Overall, several regions showed that greater gray and white matter volume/ integrity measures were associated with better task performance. Left peri-Sylvian language regions and their right-hemisphere counterparts, plus left mid-frontal gyrus correlated with accuracy and/or negatively with response time (RT) on the naming tests. Fractional anisotropy maps derived from DTI showed robust positive correlations with ANT accuracy bilaterally in the temporal lobe and in right middle frontal lobe, as well as negative correlations with BNT RT, bilaterally, in the white matter within middle and inferior temporal lobes. We conclude that those older adults with relatively better naming skills can rely on right-hemisphere peri-Sylvian and mid-frontal regions and pathways, in conjunction with left-hemisphere peri-Sylvian and mid-frontal regions, to achieve their success.
Introduction
While classical aphasiological research identified peri-Sylvian cortical regions in the left-hemisphere as crucial to language, brain-imaging techniques have permitted appreciation of brain regions activated for language processes outside those areas in the left-hemisphere -especially in more anterior areas -as well as in the right hemisphere. Not only are posterior as well as anterior regions within peri-Sylvian cortex involved in lexical-retrieval, (e.g., Graves, Grabowski, Mehta, & Gordon, 2007; Okada & Hickok, 2006) ; naming tasks can also be shown to involve left-hemisphere anterior cingulate gyrus and mid-frontal gyrus (Brodmann areas 46 and 9) in addition to Broca's area (Brodmann areas 44 and 45; Abrahams, Goldstein, & Simmons, 2003) . Moreover, when Fridriksson, Morrow, and Moser (2006) studied the intensity of activation in cortical areas in adults ranging in age from 20 to 82 performing a picture-naming task, they found activation in the right-hemisphere counterpart to Broca's area in addition to the expected activation in the traditional Broca's and Wernicke's areas of the left-hemisphere.
What is unclear in studies of elderly individuals like that of Fridriksson et al. is the extent to which these additional regions implicated in naming are compensating for the atrophy that increases with advancing age. Structural imaging has shown age-related degradation of gray and white matter which particularly affects frontal and temporal regions (e.g., Raz, 2000; Raz, Gunning-Dixon, Head, Dupuis, & Acker, 1998; Resnick, Pham, Kraut, Zonderman, & Davatzikos, 2003; Sullivan & Pfefferbaum, 2006) . However, it appears that language performance does not decline proportionally to this atrophy (Park et al., 2002 ). We must assume, then, that other brain regions are involved in compensating for it, and it is plausible that the left pre-frontal regions and bilateral languagearea regions are called on to compensate (e.g., Cabeza, 2002; Reuter-Lorenz, 2002) .
To address this issue, Wierenga et al. (2008) studied overt naming of animals, tools, and vehicles in 20 younger (mean age 25.1) and 20 older (mean age 74.9) adults via event-related functional magnetic-resonance imaging (fMRI). Both groups performed at relatively high accuracy on this naming task. However the older adults recruited substantially more brain regions to perform the 0093-934X/$ -see front matter Published by Elsevier Inc. doi:10.1016/j.bandl.2010.03.001 task. Most crucially, they showed the same regions for left-hemisphere activation that the younger adults showed. Their activation was greater in both medial and lateral frontal cortex bilaterally. As these older adults performed bimodally on the naming task, the authors then divided the group into 'high' (scoring above 90) and 'low' (scoring below 87) older namers, and noted, further, that the better namers showed greater activation of the pars orbitalis region of the right inferior frontal gyrus.
Bilateral involvement has been evidenced for other naming tasks as well: Ellis, Burani, Izura, Bromiley, and Venneri (2006) report bilateral frontal, parietal and mediotemporal activation during silent object naming (in young and middle-aged adults, aged 23-52), along with activation in left lingual and fusiform gyri. In their fMRI study of performance on a verb-generation task, Persson et al. (2004) reported that right inferior frontal gyrus was over-activated in older adults (aged 60-80), relative to younger ones (ages 18-30). In addition, Persson and colleagues observed underactivation of left frontal and inferior temporal gyri as well as anterior cingulate in their older participants, particularly for the task that required more challenges for selecting among possible responses, specifically among those older participants who performed more slowly on the task. They conclude that older adults recruit right-hemisphere areas and left-hemisphere areas beyond the traditional peri-Sylvian region to compensate for their increasing difficulties performing the task.
However, not all studies of language in older adults report righthemisphere compensation; as Kan and Thompson-Schill (2004) point out, brain-region sites reported to activate in response to naming tasks are inconsistent across the studies. Such inconsistencies may arise from task differences of various types. Some authors deliberately choose high-frequency items for their naming task to assure participants name successfully; others deliberately choose lower frequency items in addition, or instead. Two naming tasks are frequently employed in imaging tests (though only one in a given study, as a rule): confrontation naming or list-generation. A third test, more similar to confrontation naming in that participants must come up with a single correct word, is that of responsive naming, in which a definition is read to participants who must then name the correct word. Tomaszewski Farias, Harrington, Broomand, and Seyal (2005) report that those of their participants (aged 28 to around 50) who were tested on a confrontation naming task displayed activation only in left-hemisphere middle temporal gyrus, whereas activation for responsive naming was seen in superior and inferior temporal gyri as well. Moreover, the responsive naming task evoked anterior temporal activation in more participants (90%) than did confrontation naming (60%).
Such task-related differences in activation may be explained by a model that Wingfield and Grossman (2006) propose, albeit for the variability of findings for brain activation during sentencecomprehension tasks in aging. They posit 'core' regions involved in a language task and 'support' or 'resource' regions -such as those subserving working memory in the case of sentence comprehension -that interact with them. The core network (they use the terms 'region' and 'network' interchangeably) is the one which brain-damage has revealed to be necessary for the task. The support regions, by contrast, are those additional regions that neuroimaging studies reveal in healthy adults that are outside the traditional language areas: various regions of frontal lobe and cingulate gyrus bilaterally, inferior temporal lobe on the left, etc. (e.g., Caplan, Alpert, Waters, & Olivieri, 2000; Friederici, 2002; Luke, Liu, Wai, Wan, & Tan, 2002) .
In a series of studies from the labs of Grossman and Wingfield, there is evidence of greater reliance on these support networks for tasks that involve sentence processing, including language-comprehension, with advancing age (e.g., Cooke et al., 2002 Cooke et al., , 2006 Peelle, McMillan, Moore, Grossman, & Wingfield, 2004) . This is of interest, they remind us, because, except in stressed situations such as listening to speeded speech or syntactically complex materials, older adults' sentence comprehension may be spared (Goral et al., submitted for publication; Nicholas, Obler, Albert, & Goodglass, 1985; Wingfield, McCoy, Peelle, Tun, & Cox, 2006; Wingfield, Peelle, & Grossman, 2003) . Situations in which listening conditions are stressful are, nevertheless, relatively common in daily life (e.g., listening to synthetic-speech choices when calling 'service' numbers, conversing in noise); a number of studies focus on age-related decline in comprehension in non-ideal conditions, even at the sentence level, rather than in the simpler conditions in which older adults' comprehension remains at ceiling level. It is, then, all the more interesting to note the conclusions of Wingfield and Grossman, that even when older adults are performing well on comprehension tasks, they are employing more language areas than younger adults in doing so: right-hemisphere counterparts to posterior lateral temporal cortex and dorsal portion of the left inferior frontal cortex areas and left-hemisphere of dorsolateral pre-frontal cortex.
In this study we ask a similar question concerning naming tasks: How precisely is better naming in older adults associated with broader (or different) areas than poorer naming? Naming problems, of course, are even more commonly complained of with advancing age -and at earlier ages -than are comprehension problems. A substantial body of research has documented such naming problems via behavioral tasks, both confrontation naming ones (e.g., Au et al., 1995; Barresi, Nicholas, Connor, Obler, & Albert, 2000; Burke, MacKay, Worthley, & Wade, 1991; Connor, Obler, Albert, & Spiro, 2004; Goral, Spiro, Albert, Obler, & Connor, 2007; Kaplan, Goodglass, & Weintraub, 1983; Nicholas et al., 1985 , see Feyereisen, 1997 , for a meta-analysis) and list-generation ones (Boone, Miller, Lesser, Hill, & D'Elia, 1990; Parkin & Walter, 1991; Pekkala et al., 2009; Troyer, Moscovitch, & Winocur, 1997; Whelihan & Lesher, 1985) . Most curious to us, in the series of studies from our Language in the Aging Brain Laboratory, is how some older participants, in their 70s and above, perform as well as some 30-year olds, even while peak performance on confrontation naming, for example, occurs in the late 30s, with accelerating decline into oldest adulthood. That there is increasing variability in performance on naming tasks with advancing age is not, in and of itself, surprising; a substantial literature documents increasing range of performance across all cognitive tasks. Rather, what remains of interest is determining what accounts for the age-related variability, since age per se is not a satisfactory explanation. In other studies we demonstrate the contributions of demographic factors such as education and gender to age-related naming performance (e.g., Goral et al., 2007) and of health-related factors such as hypertension Spiro et al., 2008) .
Asking about language and non-language regions recruited for naming is not sufficient, however. While there is substantial research on such ''processing centers", only recently have questions been asked concerning the connectivity among them that in fact drives language performance. For example, there are reports that additional bilateral and pre-frontal recruitment predicts better performance in older adults on executive function tasks, but such evidence is inconsistent (see Langenecker & Nielson, 2003; Nielson, Langenecker, & Garavan, 2002) . The fact that such compensatory mechanisms are not always effective may be explained by impaired communication between frontal regions and ''core" periSylvian language regions. In fact, Stamatakis and Tyler (2006) infer reduced fronto-temporal connectivity in functional networks among their elderly participants performing a morphological processing task.
In the current study, then, we asked what cortical regions and associated connective tracts were associated with better or worse naming in older adults. We employed structural magnetic-resonance imaging (MRI) and diffusion tensor imaging (DTI) in order to address which pertinent brain areas and which connective tracts are available for processing to better older namers. Specifically, voxel-based morphometry provides local measures of white matter volume/density, whereas DTI-based fractional anisotropy (FA) is thought to reflect the amount of organization within the white matter. White-matter density reduction is related to macroscopic changes in white matter, such as lesions and atrophy (Ge et al., 2002; Meier-Ruge, Ulrich, Brühlmann, & Meier, 1992) . FA reduction has been linked to axonal demyelination and loss (Bartzokis, 2004) . Although considered more sensitive than structural MRI-derived measures (Hugenschmidt et al., 2008) , FA alone is not a reliable indicator of white matter integrity: brain regions shared by major fiber tracts traveling in orthogonal directions will show dramatically reduced FA.
We employed tests of both nouns (Boston Naming Test -BNT, Kaplan et al., 1983) and verbs (Action Naming Test -ANT, Obler & Albert, 1986) because, while performance on these two tests is seen to decline in remarkably parallel fashion with advancing age (e.g., Goral et al., 2007) , a substantial body of literature (e.g., Cappelletti, Fregni, Shapiro, Pascual-Leone, & Caramazza, 2008; Shapiro, Moo, & Caramazza, 2006) suggests differential engagement of frontal and temporal regions in processing them.
Methods

Participants
Our 24 participants were adults aged 56-79 who participated in our Language in the Aging Brain project. They volunteered for two days of language, cognitive, and health testing. These test sessions were conducted within six weeks of each other. From these sessions, the two tests discussed in this paper were administered on separate days: the BNT task during Visit 1 and the ANT task during Visit 2. Participants in the present study were then qualified to undergo an hour of MRI scanning on a third day, for additional pay. The imaging data were collected in one or two sessions within six months after the behavioral sessions, generally in a single day. Collection of the structural MRI scans required approximately ten minutes per scan (20 min total), and DTI data collection required approximately three minutes per scan (six minutes total). Of the 24 participants tested, eighteen had both DTI and MRI available. Three additional participants had only MRI but not DTI data available, and a different three had only DTI. Since in this study we do not perform any direct comparisons of DTI and MRI analyses results, we chose to report analyses of larger (N = 21 for each of MRI and DTI datasets) samples rather than those of the full multimodal sample of 18. Demographically these samples were quite similar, as Table 1 demonstrates.
Age, gender and education sample characteristics (averages and standard deviations) of the overlapping MRI and DTI groups are reported in Table 1 . The participants studied were all native speakers of English with corrected vision (if necessary) who ranged in education level from 12 to 17 + years. Written informed consent was obtained from all participants for behavioral and medical testing according to the IRBs of both Boston University School of Medicine and the Veterans Affairs Boston Healthcare System.
Lexical-retrieval tasks
Two lexical-retrieval tasks were employed to measure naming ability: the Boston Naming Test (BNT, Kaplan et al., 1983 ) and the Action Naming Test (ANT, Obler & Albert, 1986) . We administered computerized versions of the 60-item BNT and the 55-item ANT using E-Prime software (Psychology Software Tools, Inc., 2001) . High-resolution black-and-white drawings of the objects or activities were used as stimuli. Participants sat comfortably before a computer screen, where the pictures appeared one at a time, in standard administration order. A microphone was placed nearby but out of the line of sight of the computer screen. After several practice items, the task began. Participants were asked to name each picture as it appeared, using only one word, avoiding the use of words like ''a" or ''an," and minimizing other noises (to collect accurate response times). Participants were given up to 20 s to make a response. If the participant did not respond or the response suggested a visual misperception, the examiner provided the standard semantic cue. Responses given immediately following a semantic cue were considered correct. If the response was otherwise incorrect or if the semantic cue was insufficient, the examiner offered a phonemic cue. For each trial, the participant received an item-level score (0 for incorrect, 1 for correct). For the purposes of this paper, only items correctly named before a phonemic cue were regarded as correct. Percentages correct were employed due to the different numbers of items in the two tests, and to correct for the rare administration error.
Response time (RT) was measured for correct responses only, and trimmed such that values greater (in the absolute value) than 2.5 SD from the individual mean were replaced by the individual mean plus or minus 2.5 SD, correspondingly.
Imaging measures 2.3.1. Structural MRIs
The primary indices of gray matter volume, as well as of whitematter density, were measured from T1-weighted MR images of the brain. Two high-resolution T1-weighted scans were collected from each participant using 3 Tesla Philips Intera (Philips Medical Systems, Cleveland, Ohio) with the following image parameters: TR = 7.3, TE = 3.2 or 3.0, flip angle = 7°, slice thickness = 1.3 mm, 128 slices, FOV = 256 Â 256 mm. These scans were set up to optimize for high contrast between gray, white matter and cerebrospinal fluid. The two T1 scans were first motion-corrected and averaged to create a single high signal, high contrast volume.
2.3.1.1. Gray matter volume analysis. The primary gray matter analysis procedures have been described in detail and applied and validated in a number of publications Fischl & Dale, 2000; Fischl, Liu, & Dale, 2001; Fischl et al., 2002 Fischl et al., , 2004 Salat et al., 2004) . In this study, the T1 images were analyzed using computerized reconstruction of the cortical surface (http://surfer.nmr.mgh.harvard.edu) to produce volume measurements for predefined cortical and subcortical regions. This analysis involves a multistep procedure that includes intensity normalization, stripping of non-brain tissue, and gray and white matter segmentation. The distance between the gray/ white matter boundary and the outer cortical surface was used to calculate cortical thickness at each point across the cortical mantle (Rosas et al., 2002; Salat et al., 2004) . Following cortical reconstruction and segmentation, an algorithm was implemented that automatically assigned a neuroanatomical label to each voxel in an MR volume based on a probabilistic atlas of class statistics derived from a manually labeled training set (Fischl et al., 2002 (Fischl et al., , 2004 . This technique has been shown to be comparable in accuracy and reliability to manual labeling in normal brains (Fischl et al., 2002) and has been used to study performance-structure correlates in aging brains (Fjell et al., 2005) . Volumetric measurements were automatically calculated from parcellated cortical regions that were labeled utilizing a predefined atlas (These included regions reported in Table 3 such as Mid-temporal gyrus, Angular gyrus, for a complete list of regions see: Desikan et al., 2006) . The volumetric measures obtained for each of the labeled cortical regions were used to construct a set of multiple linear regression models examining whether the volume of a region predicts performance on a naming task, while controlling for age, education and gender. In these regression models, measures of accuracy (ACC) and reaction time (RT; correct trials only) on each test, the ANT and the BNT, taken one at a time, served as the predicted task performance variables. Age, gender and education, by contrast, entered each model as a set of covariates. More specifically, we conducted four sets of regressions, one for each outcome (ACC or RT) for each test (ANT, BNT). In each set, we included age, gender, and education as covariates (regardless of their significance), and examined the impact of adding each brain region separately. For each outcome, we conducted 30 such regressions: four overall volumes (L&R hemisphere; white and gray matter) and 26 ROI's (L&R hemispheres for 13 specific areas). To adjust in part for the large number of regressions run, we used p < 0.01 as a cutoff. Linear regression coefficients (unstandardized) for predictors of interest were examined for statistical significance (indicated by p-value, see Table 3 where p-values <0.01 are bolded) and the direction of effect (positive or negative sign of coefficient estimates. Note that, in Table 3 , we report only on BNT RT and ANT accuracy, as that is where the significant findings arose.) 2.3.1.2. White-matter density analysis. White-matter density analysis was conducted using an optimized voxel-based morphometry (VBM) protocol (Good et al., 2001 ) with a toolbox for SPM5 (Wellcome Department of Cognitive Neurology, 2005) by Christian Gaser (University of Jena, Department of Psychiatry; http://dbm.neuro.uni-jena.de/vbm/). T1 images were initially segmented into white matter, gray matter and cerebrospinal fluid images, which were then averaged to create study-specific templates for the three tissue types. These templates were normalized to the standard MNI space and then used as a reference for spatial normalization (non-linear registration) and as priors for final tissue segmentation. Additional morphological operators were applied to improve the quality of segmented images by removing non-connected parts of the segmentation.
The resulting 3D maps of local white-matter density were used as predicted variables to create a set of multiple linear regression models similar to those described for the volumetric gray matter analysis. Naming task performance measures were used as a predictor, one at a time, in four sets of models, while age, gender and education entered the models as covariates. The resulting 3D maps of regression coefficients underwent statistical inference procedures implemented in SPM5, showing the clusters of voxels where white-matter density was significantly correlated with behavioral measures while controlling for age, gender and education. Two p-values were chosen: cluster height threshold was set at 0.05, with no correction for multiple comparisons. In addition, cluster extent-based thresholding was employed, p < 0.05, with family-wise error (FWE) correction for multiple comparisons. The combination of these thresholding strategies is common in VBM studies to ensure a principled yet not overly conservative approach.
DTI measures
Diffusion-weighted images were collected during a separate imaging session with the following parameters: pulse sequence = Single Shot SE-EPI, TR = 10646 ms, TE = 91 ms, b-value = 1000 s/mm 2 , imaging resolution = 1.8 Â 1.8 Â 2.0 mm 3 , number of diffusion directions = 15, number of axial slices = 73. Two scans with identical parameters were collected, then motion-corrected and averaged to create a single high signal, high contrast volume. Further preprocessing included skull removal and eddy current correction. Tensor estimates were reconstructed, and fractional anisotropy (FA) computed in every voxel using FMRIB's Diffusion Toolbox v (FDT; http://www.fmrib.ox.ac.uk/fsl/fdt).
2.3.2.1. Tract-based spatial statistics. A whole brain assessment of individual differences in FA was performed using the tract-based spatial statistics approach (TBSS; Smith et al., 2006) . TBSS uses non-linear registration to project FA images from multiple subjects into an align-invariant tract representation (the ''mean FA skeleton"), which improves the sensitivity of group analyses as well as spatial localization of effects. With this analysis, the search of effects is restricted to the brain areas of high average (across the participants) FA, which is usually observed along major fiber pathways. Individual FA data projected onto the mean FA skeleton were fitted with the same multiple linear regression model as described above for gray matter volumetric and white-matter density data. Parameter estimation and the subsequent statistical inference were performed in SPM5. The resulting GLM parameter estimate maps were thresholded to achieve height p-value of 0.05 (no correction for multiple comparisons) plus cluster-wise statistical significance of 0.05 with FWE correction for multiple comparisons.
Results
Behavioral data: naming performance and age
Accuracy and response time for the BNT and ANT tasks are presented in Table 2 , also scatter plots of accuracy and response-time versus age for each of the two tasks are presented in Figs. 1 and 2. Note that, unlike in our prior studies that include younger adults, for this small group of older adults, a correlation between age and task performance is not evident. (For BNT accuracy, BNT RT, ANT accuracy, and ANT RT we obtained correlation values (N = 24) of À0.01 (p = 0.47), 0.13 (p = 0.27), 0.03 (p = 0.44), À0.03 (p = 0.44), respectively.)
Gray matter volume
While there was not full overlap of cortical regions associated with good naming across the two tasks, inspection of Figs. 3 and 4 (which portray the information in Table 3 ) indicates that -Volumes of the left mid-frontal gyrus, right angular gyrus, and right middle temporal gyrus are correlated with accuracy on the ANT. -Volumes of the left mid-frontal gyrus and left planum temporale are negatively correlated with response time for correct trials on the BNT (i.e., those with more volume are, on average, faster). 
White-matter density
For each of four behavioral measures (ANT/BNT reaction time and accuracy) white-matter density was correlated with better performance, that is, subjects with greater white-matter density tend to have greater accuracy and faster reaction times. Clusters of voxels with significant regression coefficients, displayed in Fig. 5 , were found in temporal, frontal, parietal, occipital lobes and even brainstem. No voxels showed significantly greater white-matter density in poorer compared to better namers.
DTI results
Several areas within the mean FA skeleton showed robust positive correlations with accuracy on ANT, as well as a negative correlation with reaction time on BNT (Table 4) . For ANT accuracy, clusters of significant correlations were found in the white matter of middle temporal and inferior temporal gyri (bilaterally), corticocerebellar projections (bilaterally), right middle frontal gyrus, and the left posterior splenium of corpus callosum. For BNT reaction times, significant clusters were shown bilaterally in the white matter within middle temporal and inferior temporal gyri. These clusters projected onto the mean FA skeleton are displayed in Fig. 6 . Within the mean FA skeleton, there were no regions that showed an increase in FA related to poor performance on naming tasks.
Discussion
Complementary findings were evident from structural MRI and DTI measures. Both sets of measures suggest that performance on ANT and BNT naming tasks relates somewhat differently to brain volume and connectivity in older adults. Both suggest right-hemisphere regions are available to support good naming. Furthermore, it appears that better older-adult namers, consistent with what Wierenga et al. (2008) and with what Wingfield and Grossman (2006) report for successful comprehenders, may employ prefrontal regions traditionally associated with executive function, anterior to classical frontal-lobe language areas, and right-hemisphere regions contralateral to left-hemisphere language ones in addition to left triangularis and superior temporal lobe (including planum) regions. Our analyses were focused on location-specific properties of gray matter (volumetric measures) and white matter (fractional anisotropy estimates). In addition, voxel-based morphometry of white matter provided converging evidence of overall white-matter density advantage in better namers. The precise localization of white-matter density differences is limited here due to the challenges of intersubject alignment of corresponding white matter structures when performing whole-brain spatial normalization. 
Regions compensating for age-related lexical-retrieval difficulties
Our findings vis-à-vis cortical regions available for naming success in older adults are, in sum, consistent with the literature suggesting additional recruitment of right-hemisphere regions contralateral to left-hemisphere language areas, involved in a variety of lexical-retrieval and comprehension tasks. Debate over the past two decades concerning whether degree of lateral dominance for language changes with advancing age would seem, thus, consistent with the HAROLD model of Cabeza (2002) in suggesting diminishing hemispheric asymmetry in older adults. Earlier findings of no differences in lateral dominance for strictly language tasks between younger and older adults (e.g., Obler, Woodward, & Albert, 1984) indicate, however, that rather than language representation itself changing in lateral dominance, it is the cognitive underpinnings that processing language engages that result in apparent changes in lateralization.
In addition to the pre-frontal cortical areas available for recruitment in lexical-retrieval of both nouns and verbs with advancing age, our data suggest that an intact system of white matter tracts is useful for successful naming, including strong intra-hemispheric connectivity between the classic left hemispheric anterior and posterior language areas via the left arcuate fasciculus and other white matter pathways, as well as corresponding contralateral connections.
It is worth considering how our findings from normal adults differ from those of individuals with aphasia. In such individuals, there have been reports of both peri-lesional activation during recovery from the aphasia and contralateral activation in the right homologues to language regions, especially to Broca's area (see review in Saur et al. (2006) . However Naeser and her colleagues have reported that repetitive transcranial magnetic stimulation (rTMS) sessions to right hemisphere pars triangularis (Naeser et al., 2005a (Naeser et al., , 2005b ) is linked to increased confrontation naming performance for nouns in individuals with chronic aphasia. They conclude that non-damaged right-hemisphere does not spontaneously compensate for difficulties the damaged left-hemisphere has with naming, but, rather that the rTMS, perhaps in suppressing right-hemisphere Broca's region, ''modulates" the bilateral pre-frontal-temporoparietal networks involved in naming pictures. Recall that in our study, the right-hemisphere regions linked to robust naming in older adults are not exclusively in the homologue to Broca's area, as they are in Fridriksson et al. (2006) , though they are in the homologues and contiguous areas to other traditionally core language areas: most crucially they are in right mid-temporal and angular gyri and in planum temporale. All three frontal gyri are implicated, moreover: mid and superior along with inferior. It is conceivable that regions more robust in our better namers are not all required for their better naming. That is, some of those regions may be coincidentally better spared, rather than linked to the better naming. However if they are linked to the better naming, then it appears that non-aphasic older adults employ bilateral frontal regions outside the core language areas as well as substantial peri-Sylvian right-hemisphere areas to aid them in naming.
Such studies engage the interesting question of what, precisely, constitutes the 'core' areas for language processing, debated hotly in the later 19th and early 20th centuries and recently among contemporary scholars like Thompson-Schill and her colleagues interested in the effects of task demands on language processes (e.g., Hirshorn & Thompson-Schill, 2006; Schnur et al., 2009; Spalek & Thompson-Schill, 2008; Thompson-Schill, D'Esposito, Aguirre, & Farah, 1997) . For the purposes of this paper, we consider those areas that, when impaired, result in aphasia in most individuals -the peri-Sylvian region -to constitute the 'core' language areas, whereas regions beyond them in the frontal, temporal (or parietal) lobes of the left-hemisphere lie outside the 'core' regions, as do all right-hemisphere regions. Scholars of right-hemisphere contributions to language -not only those who study pragmatic deficits associated with right-brain damage, but also those who studied the language abilities of the non-dominant hemisphere of splitbrain patients -would beg to differ, of course, as would the ever-increasing numbers of scholars employing imaging techniques to understand brain activation during language processes. If we assume that the regions differentiating better namers, from poorer performers in this study are those providing supplementary contributions to core language areas, then we provide clear evidence that regions outside the core are available to subserve better naming.
Attempts at converging evidence
How do we explain the somewhat different patterns we report in the microstructure of white matter and white-matter density resulting from our two complimentary imaging modalities employed to search for converging evidence of brain regions recruited for successful naming? Granted, the two techniques, voxel-based morphometry (VBM) and diffusion tensor imaging (DTI), should provide complimentary data on the integrity and the microstructure of white matter. In healthy elderly, concurrent decreased FA and lower white matter volume are regularly reported in the literature. While the majority of FA reduction is predicted by white matter atrophy, lower FA values are still observed in normallyappearing white matter of healthy elderly, compared to young, subjects: most notably bilaterally in the inferior longitudinal fasciculus (Vernooij et al., 2008) . Gray matter volume reduction is usually explained by atrophy/cortical thinning. It has been suggested that atrophy of white matter -rather than loss of gray-matter neurons -dominates brain tissue loss in aging (Meier-Ruge et al., 1992) . However there are studies that report a tight relationship between gray and white matter loss: e.g., hippocampal atrophy, accompanied with cingulum bundle disruption, is highly correlated to hypometabolism of the posterior cingulate cortex and temporoparietal associative cortex. In particular, studies employing GM (gray matter)-VBM and FA analysis, in healthy elderly subjects (Lehmbeck, Brassen, Weber-Fahr, & Braus, 2006) , as well as in Alzheimer patients (Ibrahim et al., 2009) , have shown a striking overlap in the results from corresponding gray and white matter areas, suggesting that these might reflect parts of the same network.
We plan to pursue accurate linking of performance-related differences in GM to the white matter microstructure in our research program. In our data, we can only speculate that the reported areas of FA reduction are located within the major tracts linking the gray matter regions. inferior longitudinal fasciculus, inferior fronto-occipital fasciculus and superior longitudinal fasciculus (see Table 4 ) are longitudinal tracts traveling in anterior-posterior direction and connecting temporal/occipital lobes to pre-frontal cortex (see Figs. 3 and 4) .
Noun vs. verb findings
That we find differences between the performance measures on ANT and BNT (Nicholas et al., 1985) , as they are related to brain structure is not surprising. There is now substantial literature reporting differential brain engagement on tasks comparing performance on nouns and verbs (e.g., Caramazza & Hillis, 1991; Damasio & Tranel, 1993; Oliveri et al., 2004; Shapiro & Caramazza, 2003; see Cappelletti et al. (2008) for a recent review of this literature accompanying their report that transcranial magnetic stimulation to left mid-frontal gyrus results in disruption to verb -but not noun -production). Indeed, our findings are consistent with different regions being available for processing nouns from those available for verbs in that (1) RT correlated with regions spared in better object-namers whereas accuracy correlated with regions robust in better action namers, and (2) more right-hemisphere regions were implicated for better action-namers than were for better object-namers.
However, the thrust of many of these studies suggests additional pre-frontal involvement for verbs as compared to nouns, while we find pre-frontal involvement for BOTH verbs and nouns in our better-naming older adults. The distinction between our report of pre-frontal involvement in lexical-retrieval in successful naming for both nouns and verbs and others' reports of more pre-frontal involvement for verbs than for nouns may be accounted for by a number of explanations. First, task differences might account for whether similarities or differences are found between nouns and verbs, particularly with respect to involvement of pre-frontal regions. In some articles that show left pre-frontal involvement for verbs but not for nouns, inflection is at issue. For example, Shapiro et al. (2006) and Cappelletti et al. (2008) , cue inflected or uninflected real and pseudo words preceded by a stimulus phrase that includes a form of the word to be said in the response. Understandably the resources for lexical-retrieval in such a task are less than for confrontation naming tasks such as those employed in the current study. By contrast, confrontation naming tasks for objects and actions require lexical-retrieval but no manipulation of the words to be produced. When difficulties arise on the retrieval task, pre-frontal regions might understandably be called upon to search for both verbs and nouns.
Perhaps the pre-frontal involvement we report for both nouns and verbs arises because the two tasks we employed, BNT and ANT, minimize the differences between nouns and verbs, since the two tasks were created to be as similar as possible. In Albert et al. (2009) (see also Spiro et al., 2008) , too, we report quite similar interactions for BNT and ANT performance vis-à-vis hypertension diagnoses in our older adults (ages 55-85). Each task requires viewing a line-drawing of an object or moment of action, respectively, and labeling it. Moreover, correct responses on the ANT are arguably noun forms of verbs (e.g., 'swimming', 'knighting') and thus less difference between the two types of substantives should be expected than would be found in discourse, or, perhaps, even with a verb-naming task that employed dynamic stimuli. Indeed, in MacKay, Connor, Obler, and Albert (2002) , we report that when items from the BNT are matched with items on the ANT for the difficulty they pose for participants in their 50s, no differences between the two tasks are seen in the older adults, in their 60s and 70s.
Another potential difference between our study and the general literature distinguishing regions involved in processing nouns and verbs is they are generally based on studies of younger adults. One might posit that younger adults call upon somewhat different lefthemisphere regions for nouns and for verbs, but that older adults who attempt to do so are handicapped by the general difficulty with retrieving both types of words. Only those older adults who compensate for lexical-retrieval problems by involving additional cortex are the better namers.
However, why the brain-regions we report here correlate with accuracy for the ANT and with RT for the BNT remains curious. We find no evidence in the literature of response time relating to one lexical category (nouns in our study) and accuracy to another (verbs in our study). One might expect that tasks on which accuracy was at ceiling performance would show variation only through RT, but there is no reason to believe that the BNT is easier than the ANT. In one study of normal adult native English-speakers aged 30-85, percentages correct on the BNT are somewhat higher than those on the ANT for middle-aged participants and somewhat lower than those on the ANT for older adults. (Connor et al., 2004) . Goral et al. (2007) report no differences between ANT and BNT for the males in a similar population, but better performance on the ANT than the BNT for females.
Recall that Wierenga et al. (2008) found different regions associated with latency and accuracy on their fMRI study of naming; they did not, however, consider naming of verbs as well as nouns as we did. The areas they see linked to the nouns they tested, moreover, were near, but not the same as, those implicated in our study: we find bilateral mid-frontal gyrus volume associated with older adults' better naming; they find BA 45 and pars orbitalis on the right associated with higher naming performance. They report subcortical areas on the left associated with their older adults' naming, and superior temporal gyrus as well as insula bilaterally. Note that, in our study, for both ANT and BNT, left mid-frontal gyrus volume correlates with naming performance. In addition, left planum temporale correlates negatively with RT for BNT. Only one of these regions -the left planum temporale -is in what might be considered the 'core' peri-Sylvian language area. Thus, recalling the Wingfield and Grossman (2006) formulation, it appears that having core peri-Sylvian language areas available is less valuable to the older adult for performing a naming task than is having support areas available. These support areas, moreover, include those reported by some fMRI studies as useful for language tasks: prefrontal areas in the left-hemisphere and language-area counterpart regions in the right hemisphere. In addition, our data indicate that strong temporal lobe tracts, which may serve for communication between core and support language areas, are more available to better namers than to poorer ones.
